Context: Human immunodeficiency virus (HIV) infected children are at risk of developing chronic kidney disease defined by decreased glomerular filtration rate and or proteinuria. Studies on the prevalence of and risk factors for proteinuria among HIV-infected children in sub-Saharan Africa are scarce and in Cote d'Ivoire, there is paucity of reported data. We determined the prevalence of and the risk factors for proteinuria among HIV-infected Ivorian children in both ART (antiretroviral therapy)-naïve and ART-exposed children. Method: It was a cross-sectional bi-centric study, conducted from July 2013 to April 2014. Each child's urine was tested for proteinuria and microalbuminuria using multi test strips and mitral test, respectively. Proteinuria was defined as of significant of 1+ and above on the dipstick or the presence of microalbuminuria ≥ 20 mg/l. Results: Of the 155 HIV-infected children enrolled, there were 78 boys.
Introduction
Human immunodeficiency virus (HIV) is by far one of the most common pathogen worldwide. In 2015, approximately 3.2 million children were living with HIV worldwide. Most of them lived in low-and middle-income countries, and around two-third lived in sub-Saharan Africa [1] . Cote d'Ivoire's HIV prevalence is one of the highest in West Africa, at the level of 2.7 percent with approximately 29,000 children living with HIV in 2015. Only 8% of infected children received appropriate antiretroviral therapy (ART) <15 years of age were receiving treatment [2] .
Socio-economic and political factors are, among others, the main factors likely to explain the spread of HIV pediatric HIV in Africa. These factors include limited availability and access to basic healthcare facilities, lack of communication on preventive measures, lack of transportation, and a number of barriers to the implementation of pediatric antiretroviral therapy. Without treatment, approximately half of the infected children will die by the age of two due to opportunistic infections [3] . Fortunately considerable progress has been made towards the elimination of HIV among children with the increase in the antiretroviral therapy coverage. Indeed, the use of the highly active antiretroviral therapy regimen has improved the prognosis of African children infected by HIV. As a result, more children are able to get to the adulthood, making HIV/Aids a chronic disease for what there is a need to pay attention to the complications associated with HIV with the treatment over time.
Kidney disorders are among the ten most common non-communicable conditions occurring in HIV-infected children in the HAART era [4] . The spectrum of kidney diseases reported in these children includes electrolyte disorders, tubular functional abnormalities, and glomerular diseases associated with proteinuria. Proteinuria in patients with glomerular diseases due to HIV ranges from asymptomatic microalbuminuria to nephrotic syndrome. The global burden of kidney disease in pediatric HIV population is hard to estimate but proteinuria is relatively common, and is associated with the increase in the death rate and the hospitalization. The prevalence of proteinuria among HIV-infected children, according to available data, ranges from 21% [5] to 72% [6] in Sub-Saharan Africa. Few studies exist on proteinuria in the pediatric HIV African population.
However, only scant data is available from Ivory Coast. Our objective was to measure the prevalence of proteinuria and to describe the factors associated with proteinuria in a group of Ivorian HIV-infected children.
Methods

Study Design
The study was designed as a cross-sectional and descriptive study based on the follow up of HIV-infected children attending two medical centers in Abidjan.
The study sites included the "Centre de Traitement Ambulatoire Pédiatrique (CTAP)", which is the Treatment Center for HIV-infected children and located 
Study Population
The sample size of 155 was calculated by the sampling method used to get an estimate of proportions for study population less than 10,000 in size [7] . The children with no clinical symptoms for HIV/Aids received for routine visits every 6 months were enrolled between July 2013 and April 2014. Prior to enrolling them, children were clinically assessed to ascertain their steady state during the past two weeks prior to their visit to the clinic. Enrolled Children were less than 15 years; tested positive for HIV, either by the polymerase chain reaction (PCR) for children less than 18 months, or by antibody detection for those older than 18 months; informed consent was required from parents or caregivers before enrolling the children for the study. Patients were excluded if they had the following symptoms: fever (temperature of 38˚C) or high blood pressure, if urine samples were positive for nitrite and leukocytes (indicating urinary tract infection).
Also, we did not include children with a personal history of renal failure, diabetes, hepatitis B or C, receiving treatment with angiotensin-converting-enzyme inhibitors or corticosteroid therapy, antiretroviral therapy including Tenofovir or Indinavir as well as female adolescent with menses.
Data Collected and Collection Method
At study entry, caregivers or parents provided demographic information (date of birth, gender, and education level of the child), medical history (HIV status and parents' HIV status, personal history of hypertension, diabetes, Hepatitis B, C, edema, hematuria, renal failure, date of diagnosis of HIV infection, HIV serotype, reasons for hospitalization since the diagnosis of HIV infection), and therapeutic data (date of start of ART, successive treatment regimens of the child and reasons for change, if any). Clinical history and complete physical examination including the measure of the weight, the height and the blood pressure (BP), were performed upon arrival by a physician. The blood pressure was measured using an automated, non-invasive monitor while the children is in sitting position; the mean of at least two measures was standardized by gender, age, and height using methods outlined in the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents [8] . Blood and urine samples were drawn at enrolment for CD4 count, creatinine and proteinuria.
HIV infected children were asked to get a fresh spot urine sample in a tightly screwed plastic bottle. Spot urine sample was tested for proteinuria by dipstick method (Combur Test Medical, Roche Diagnostics, Germany). Proteinuria was graded as follows: 0, + (30 mg/dl), ++ (100 mg/dl), +++ (300 mg/dl) and ++++ (1000 mg/dl). Proteinuria of (+) or more were accepted significant. Patients with proteinuria were reassessed after two days, for timed urine collection. It was Open Journal of Nephrology performed microalbuminuria measured according to the Esbach method on 24-hour urine collection. The microalbuminuria was defined as proteinuria between 30 and 300 mg/24h. When the proteinuria was ≥ 300 mg/24h, it was a macroalbuminuria. The proteinuria was referred to as nephrotic for values ≥50 mg/kg/24h.
The creatinine was measured by Jaffe reaction [9] . Estimated glomerular filtration rate (eGFR) was calculated from a single serum creatinine value obtained at enrolment visit using the Bedside Schwartz formula [k × height (cm)/creatinine (mg/dL) [10] . Chronic kidney disease was classified using the K/DOQI clinical practice guidelines [11] . When the GFR is ≥ 120 mL/min, it described hyper filtration; between 90 and 120 ml/min, we talk about normal renal function; between 60 and 90 mL/min, it is defined as a moderate renal failure.
The findings from the clinical assessment and the laboratory tests were used for the clinical and immunological staging of the participants according to the CDC's HIV classification [12] . Advanced HIV disease was defined as stage C, while stage A and B were defined asymptomatic and non advanced HIV disease.
Severe immunosupression was defined as CD4 count less than 350 cells/µL in children aged 5 years and above, and for those below age 5 years a CD4 percentage less than 25.
Statistical Analysis
A statistical software package (SPSS v21) was used for the statistical analysis.
Characteristics were described by medians value for continuous variables and frequencies for categorical variables. The comparisons were made using the Student's t-test for quantitative variables and using the Chi 2 test for qualitative variables. P-Value less than 0.05 was considered statistically significant. The search for associated factors was carried out using a logistic regression.
Results
Anamnestic Data
155 HIV-infected children were enrolled for the study. 50 of them never received ART and 105 other have already been exposed to ART. Seventy eight (78/155) children (50.3%) were male and the sexratio was 1.01. The children were aged 2 to 15 with a median age of 11 years. Ninety two percent (92.9%) of the children were enrolled in school. 63% of mothers were alive.
Clinical Data
46 of all the children, (29.7%) were at stage A of CDC classification of HIV, 80
(51.6%) were at stage B and 29 (18.7%) were at stage C. 12% of children who never received ART were at stage C, compared to 22% of children under ART. among children who never received ART and 3 among those received among those who received ART. Seven (7) children had macroalbuminuria. Two (2) had nephrotic proteinuria and never received ART. The prevalence of proteinuria among all the children was 9.7%. This prevalence was 24% in the group children not receiving ART and 2.8% in the group of children under ART. The ART appears to be a determining factor in the occurrence or not of significant proteinuria (Table 1) . Of the clinical features, none are predictive of the occurrence of proteinuria (Table 2) . By comparing non-proteinuric and non-proteinuric ARV-treated children, it appears that only the clinical stage C is determinant in the occurrence of proteinuria (Table 3 ). All were HIV1-positive. The CD4 levels ranged from 1% to 43% among children not receiving ART (mean of 21.9%) and were between 2% and 56% among children under ART (mean of 27% 
Biological Data
Discussion
Proteinuria and microalbuminuria were observed in 29% and 9.7% of cases, respectively. These urinary biological markers were statistically more frequent in the group not receiving ART compared to those under ART. The prevalence of proteinuria in children not receiving ART was 40%. In contrast to this high prevalence observed in our study, lower prevalence of proteinuria has been reported in cross-sectional studies from Zimbabwe where Dondo [13] found 18% in a population of 220 children aged 1 to 12 years without ART. In this study, the lab test of proteinuria over 24 hours was carried out twice within one week. Indeed, false positives can be found with the urine strip in case of alkaline urine. The persistence of proteinuria beyond a week in a child reflects that this disorder is permanent. The permanent proteinuria is a predictive marker of chronic renal failure. Microalbuminuria, the early marker of nephropathy associated to HIV was the assessment criterion chosen by several authors in Africa and in the US.
The prevalence ranged from 12% according to work by Eke [14] in Nigeria, to 18% in research from Ekulu [15] in Democratic Congo, and respectively 20.4%
and 28.8% in works by Fredick [16] and Mosten [17] , both from Tanzania. Dimock [18] from Bethesda in US reported a prevalence of 15%. The differences between the results from studies conducted in Congo, Tanzania and our data could be the result of the small size of the sample used for our study. Eke and we looked for microalbuminuria in small samples (15 patients in France and 50 in Eke), unlike Fredick who 220 HIV-positive children. Others authors report a prevalence of 0% in populations of more than 300 children [19] [20] . These authors used the technique based on nephrelometry which is a technique with a sensitivity ranging from 90 to 99%. Regardless which endpoint is considered, proteinuria is common in HIV-infected children in the sub-Saharan Africa. Severe immunodepression is recognized as a factor in the development of proteinuria [21] . According to Esezobor et al. [5] , 37.9% of treated or untreated protein children were in severe immune-suppression versus 11.9% in mean immune-suppression (p = 0.014). The occurrence of microalbuminuria is not related to age. This result is similar to the results reported by Fredrick [16] , who observed that microalbuminuria was equally distributed across all age groups, suggesting that, regardless age, there is a continuum of renal features from the microalbuminuria which progresses towards proteinuria. On the other hand, Eke et al. [14] showed that microalbuminuria is more likely to occur in older children.
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In our study, this negative correlation between proteinuria and immunesuppression was probably not observed because of the low number. Nevertheless, there was a significant difference in the percentage of CD4 at the expense of ART-naive children (21.9% versus 27%, p < 0.001). It should be noted that immunodepression is a major criterion for ART. While ART can help prevent renal damage due to HIV, it seems logical that ART-exposed children have less proteinuria. The staging used is the start-up of ART in children.
The direct action of the virus on the podocyte leads to a disorganization of the architecture of the nephron and the loss of structure and function of the glomerulus [22] . Maladaptation to changes in glomerular hemodynamics exerts the greatest effect on factors that initiate and perpetuate renal disease progression.
The hemodynamic changes lead to glomerular hyperfiltration, and adaptations occur in response to the decrease in the number of functional nephrons. There is an increase in the glomerular filtration preceding the microalbuminuria [23] .
Our study could not establish a correlation between the increase of GFR and the microalbuminuria in children infected with HIV, perhaps because of the low prevalence of microalbuminuria in our population.
Our study has some limitations. No children under the age of 2 were included because during the survey we did not have enough urine even in the diapers to perform the urine test strip reliably. The completion of the 24-hour proteinuria was only possible in one-third of patients with a positive urine band. Indeed, the sensitivity of the urinary tract can be affected by the urinary concentration [24] and does not detect 20% of people with renal disease. It appears necessary to carry out the quantitative determination either on 24-hour urine or the ratio of albumin to urine creatinine on urination in all patients at risk of developing renal disease. Some children did not return within 48 hours following the positivity of the urine band, mainly because of a lack of financial resources to cover travel costs for an additional visit to the follow-up center. In practice, the collection of diuresis of the 24-hour is very random especially in very young children. Since the creatinine levels were not routinely used in Abidjan, it was also not possible to work with the proteinuria/creatinine ratio.
Conclusion
The overall prevalence of proteinuria in our study was 9.7%. It was significantly higher in ART-naïve children (24% versus 2.8%), and in those with advanced clinical stages. The renal function was normal in 80% of children. We recom- 
